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Improving Healthcare by Teaming Industrial Engineers with Clinicians Introduction
The Center for Medicare and Medicaid Innovation funded an academic institution to conduct a national demonstration project that illustrates the value of creating an industrial and healthcare systems engineering (ISyE) regional extension center that is scalable and spreadable 1 . The extension center model was first heavily used in agriculture to spread improvement methods and ideas between different regions and systems 2 . Our regional extension center incorporates the same functions and structure, but it involves a collaboration with local hospitals. . Similar to the agricultural model, engineers apply systems engineering improvement methods, such as quality improvement, human factors, optimization, and statistical data analysis towards significant systematic problems in healthcare. The projects under the grant are guided by the "Triple Aim" and strive for improvements that help sustain better care and better health at a lower cost. The CMMI grant allows for the institution to fund students who support healthcare improvement projects with health systems. The intention is to apply methods and tools from successful projects to similar problems in healthcare systems across the country. This paper provides an overview of progress to-date and the approach towards replicating ISyE-Triple Aim projects in other health systems. Several examples highlight our success and the typical methods that are prevalent in most projects (in which there are over 60 in the past 2 years).
As espoused in the President's Council of Advisors on Science and Technology (PCAST) report sent to the President last year, the healthcare system in its present form is in need of systems engineering improvements in order to meet the demands of the future 3 . Recommendation #4 in this report states that we should "increase technical assistance (for a defined period-3-5 years) to health-care professionals and communities in applying systems approaches,"-with the foundation of the CMMI grant, our institute has answered this call for action with multiple projects that save money, provide better care, and better health.
Background

The 'Triple Aim'
The Triple Aim is a three pronged approach created by the Institute for Healthcare Improvement that focuses on improving the patient experience of care, the health of the population, and the per capita cost of care 4 . An often-cited example of the classic three-legged stool analogy, Berwick et al. (2008) In summary, our project teams consider the experience of the individual patient while also improving the health of specific populations, and managing system costs. If you are to focus on only one of the two, positive short term effects are likely, but not sustainable. Each provide a balance that can be replicated. All three of these aims are interchangeable as each one effects the outcome of the others and ensures long term stability in healthcare. This idea is one of the main focal points of the regional extension center model.
Structure -Internal and External
Since the center is affiliated with an academic institution, most of the workforce is rooted in educational development. The majority of the staff is comprised of students at various levels of their industrial education, including postdoctoral scholars, graduate students in both Master's and PhD programs, and undergraduate students. Students are involved in our center either full time in the form of internships and co-ops, or part time as a work study, research assistant, project support, or capstone team. In the past two years, interning students have been applying from various disciplines beyond industrial and systems engineering, including biomedical engineering, economics, statistics, human factors, electrical and computer engineering, medical, and nursing. These students are the main driving force behind projects. Students work together with mentors to learn and apply engineering tools and methods that are applicable to the project. The rest of the staff is comprised of the following support: engineering, reporting and writing, communication and events, and a clinician.
The 'clinician-in-residence' position was developed as a resource for students and staff working on projects requiring advanced clinical knowledge. The clinician also brings knowledge of culture, operations, and finance to project development and implementation, in addition to teaching the engineers the basics of disease, diagnosis, and treatment relevant to each project. For example, in certain scenarios, it may be important to understand hospital culture when proposing or implementing a change, or when dealing with a complicated medical condition, such as sepsis, the clinician can help guide and inform the engineering team's approach. The clinician, in-turn, also learns how systems engineers approach problems and develop solutions. Clinicians embedded on the engineering team can interact with the clinicians at the healthcare site to more fully understand the specific clinical implications of engineering decisions so we make most effective solutions early on in the iterative process Figure 1 provides an overview of the center and a visual representation of its relationship with the healthcare industry. The center takes what is learned in the academic setting and sets out to apply it in healthcare systems. While great focus is put on the hospital setting, a large amount of care takes place elsewhere. During the grant period, the center has worked with large scale multi-hospital systems, as well as with small regional hospitals and clinics.
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Project Processes
Upon receiving the grant, the institute began setting up structure and processes for project lifecycles. Project management, a core ISyE methodology, was necessary to have projects succeed and ultimately be disseminated. The tools developed are very important to future work as each solution is meant to be used in multiple systems with minimal revision. This meant developing project timelines, charters and measurement for each project, as well as a strategy for working with health systems. This standard project lifecycle was established as an ISyE project management tool to keep projects on similar timelines and paths. The unified approach on projects enabled clinicians and engineers to work on a common timeline.
Figure 3: Project proposal form
The project proposal form was developed for rapid development of a project idea and to quickly assess the potential for measurable impact to the "Triple Aim." This became a costbenefit-analysis tool. If the project did not have any significant measureable impact, it became a low priority item. After the initial meeting has occurred and the project proposal form is agreed to, the team develops the more advanced charter. This details specific aims and goals for the project. It also outlines the approach and a rough timeline for when major milestones should be occurring
Industry Partners
While the standardized work was being developed, staff and students started to meet with healthcare systems, both physically and virtually, to explore what major problems they seemed to be encountering. This set-up time also allowed for data sharing agreements and any other nondisclosure and HIPAA paperwork to be drafted and signed with partnering systems. Typically, systems only require a data use agreement and a business associates agreement for HIPAA compliance 5 and volunteer paperwork. Once this work was launched, it gave the center an initial group of projects to focus on and test its vision and processes. Without partnership from these initial systems, it would have been impossible to test ISyE methods for healthcare improvement.
Industry partnerships were developed primarily by networking. Most connections in this case are established by the institute's Primary Investigator. The work described above was able to launch quickly for a few reasons:
• The primary extension center is located in Boston, which is world renowned for its number of highly respected healthcare systems.
• These systems are all highly engaged with local universities on their own research projects, so a collaborative culture has already been established to a high degree.
• The work is very timely, as government funding and penalties are at a high point. Figure 5 , the institute has far surpassed its initial goal of working with four healthcare systems. This fulfilled our initial proposal to the grant agency of working with four systems in the local area.
Partnering Results
As illustrated in
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Figure 6: Map of systems participating in the grant
While the number of systems that have seen an impact from our partnership is now over 40 in three years, the number of healthcare employees who have been exposed to ISyE methods has far exceeded what was initially anticipated (no formal goal had been set, but given the goal of only working with 4 systems, that number has increased more than tenfold). Figure 7 shows that ISyE methods have been taught to nearly 1400 clinicians in partnering healthcare systems. This number speaks to how important it is for academia and industry to partner. In most cases, the first project with a system helps establish a firm relationship between academia (the Institute) and industry (the health system). It allows them to get a sense of how their partner functions and creates a bond for future projects, which are often more comprehensive than the first. Presumably, because both sides have an understanding of each other after the initial project (ISyE to healthcare and healthcare to ISyE), that is what allows for rapid development of stronger projects.
Expanded Relationships
In two separate instances, previous work through the CMMI grant has established such a productive working relationship with an industry partner that the systems have asked for the Institute's assistance in co-writing another grant.
The first grant that was written with a partnering healthcare system provided over $800,000 of funds to work on an unnecessary utilization project. The system had seen a large increase in patients seeking prescription pain medication and was in the process of testing ways to reduce these instances to an allowable level.
The second grant written with a partnered system provided over $3,000,000 to the healthcare system to work on patient safety related problems. The major area of focus for the grant is adverse events, primarily falls.
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In addition to project work, the relationships have also expanded to classroom instruction. For our 2014 Summer Internship program, numerous healthcare partners came to participate and in some cases, lead the seminar. 
Results so far
In its first two years, this grant has created a successful regional center in Boston and is beginning to cultivate satellite centers in Seattle, Charlotte, and San Francisco. Results todate include 62 projects in 28 health systems, workforce development of 127 industrial engineers and 472 healthcare personnel, $24.5m in savings, and significant reductions in harm, poor access, and unnecessary utilization of imaging, diagnostics, and referrals.
A key objective and CMS criteria for broader scale is to demonstrate repeatability in terms of the ability to extend this impact beyond New England, to multiply benefits severalfold, and to repeat successful projects in other health systems. During the course of this grant, numerous seminars and workshops were developed and run from both the industry and collegiate perspective. Faculty and students spoke to industry members on industrial engineering approaches and solutions to their problems, while healthcare employees spoke about their problems and what they've been doing to combat them:. Highlighted qualitative notes listed below: Through all of the discussions with these systems, the center was able to establish five core areas of projects that have strong ISyE solutions. The projects are in areas of overuse of imaging and diagnostics, bed demand prediction, breast milk feeding and healthy starts, macro system design and patient safety. Snapshots of each project are located in the appendix (figures 11-15) to showcase all the engineering methods used in solving these issues.
Students are heavily involved in working with and developing relationships with healthcare systems as they work on projects and seek out future opportunities for improvement. From these experiences, many students affiliated with the center have gone on to work in partnered institutions. Additionally, the center has brought 55 students in for coops and internships from over 14 universities. This has created a large nationwide network of student friendships that were founded on a focus on healthcare improvement. Upon entering the workforce, the bonds created here will only strengthen the college-industry relationship having both clinician and students being immersed in each other's work.
